Introduction
A central focus of economics is evaluation of the consequences of public policy. From Corn Laws to Airline regulation, the tools of the profession have been applied to determine the costs and benefits of acts of government. This continues to the present, with examples such as consideration of environmental regulation Hazilla and Kopp (1990) , occupational safety regulation French (1988) and noise regulation Holland and Cross (1995) . Curiously, one of the most pervasive forms of government regulation has received much less attention from economists: land use planning. While the theoretical properties of land use controls have received some attention 2 , there are no studies which have estimated the net costs and distributional consequences.
Virtually every urban area in the developed world exercises some control over the use of land and the type or extent of residential building. Such regulation serves a variety of purposes: control of the spatial structure of residential development can reduce the cost of providing some local public goods and serve to isolate land uses which are likely to generate costly external effects; regulation of building types can serve to limit the deadweight loss from property taxation; regulation of land use can be a method of providing valued public goods and amenities by fiat rather than through imposition of taxes and purchase of land in particular uses.
Of course, the types of regulation which have been the subject of extensive analysis also serve a variety of goals and can reasonably be claimed to generate benefits as well as costs. The question of interest is not whether these public policies generate benefits, but rather what is the value of the benefit and how do these benefits compare with the costs associated with the policies. In this paper we develop and test an approach for such an evaluation of land use planning. We apply this method to evaluate (at least some of the) benefits and the net costs of land use planning, and the distributional incidence of these benefits and costs. The methodology is applied to the British Town and Country Planning System. The British land use planning system is the archetype for one of the three main types of planning system that operate around the world; the others being the 'master planning' system of continental Europe and the zoning system of the USA. In the British system every action that legally constitutes development requires individual consideration by the planning authority of the local community.
Several previous papers
3 have shown that these systems of 'development control' act to restrict the supply of urban land by category of land use. The British and other land use planning systems generate benefits in the form of unpriced local public goods. Unlike some other public goods, these are not made available by imposing taxes on local residents and then using the proceeds to pay for production. Rather, they are produced by using the power of the state to require land to be used in particular ways, or neighbourhoods to be of a particular type. The absence of taxes does not imply the absence of costs. These policies can generate significant changes in land prices. This generates both welfare costs, measurable in terms of the equivalent variation associated with the price change, and distributional effects.
This paper draws on previous results which have estimated implicit prices and identified the structure of demand for land and planning benefits to develop a methodology for quantifying the net welfare and distributional impacts this system of land use planning can have. Using analysis of land values and housing markets in cities chosen to represent the full range of possible levels of planning restrictiveness, we calculate the changes in land values attributable to the planning system. This permits us to calculate the equivalent variation in income associated with the policies, and to assess the effective distributional consequences.
Such analysis has been undertaken for many of the other productive activities of local governments, but has not generally been undertaken for land use planning because of the lack of explicit taxes and payments. We view this paper as providing the first results of this sort for the British system, and believe that the methodology might be quite useful in assessing the implications of land use planning on the distribution of welfare and equity in other contexts.
All planning systems work to some extent to provide local amenities without collecting taxes to pay for them. Thus, in principle, the techniques we employ should be applicable to analysis of other types of planning systems. To the extent that the distribution of burdens and benefits arising out the planning system differs from that associated with local tax structures, our analysis can also shed light on the distributional consequences of recent legal debates concerning 'takings' in the U.S., and the associated proposals to provide greater compensation (obtained presumably from tax revenues) to land owners whose property values are affected by planning and environmental policies.
Outline approach
The methodology we implement proceeds through a series of straightforward steps. We begin by identifying a structurally and geographically comparable pair of urban areas which appear to represent extremes, or near extremes, in the operation of land use planning constraints. For each urban area, sample data concerning the housing market is collected, including land, location, neighbourhood amenities, and incomes of households occupying the houses in the sample. An hedonic price function and demand system is estimated for each urban area which permits the construction of an expenditure function for consumers in each city. Using the expenditure function we estimate the utility level experienced by a 'typical' household in each city.
Taking this average household as representative of all households in each urban area, we use the standard characterization of land market equilibrium to determine the extent to which the local planning authority makes land available for residential use in each city, and use observed patterns of residential development to determine the innermost and outermost extent of residential land use To estimate the gross benefits of land use planning, we use the demand system to determine the 'reservation price' for each amenity attributable to the planning system by calculating the price at which demand for the good would be reduced to zero. We can then estimate gross benefit to each household by calculating the variation in income associated with increasing the price of each amenity to the reservation price.
Estimation of the net costs of land use planning is somewhat more complex, since we must examine not only the change in benefits resulting from a change in planning regime (again using the demand system) but also the costs. The costs of land use planning come primarily in the form of increased prices for residential land and hence for housing. We estimate the equilibrium land rents under alternative planning regimes and calculate the equivalent variation in income associated with the combined reduction in residential land prices and effective increase in the price of the amenities produced by the planning system.
This approach permits us to examine the distribution among households of costs and benefits, and to provide tentative answers concerning the efficiency of the land use planning system as implemented in the UK. We find that considerable value is attached to the amenities produced by the planning system. These amenities, however, come at a very high cost, and we estimate considerable net costs associated with the most restrictive planning regime. The distributional consequences of the land use planning system are seen to depend on which aspects of planning are being considered. Taken as a bundle, we find the planning system to be somewhat 'redistributive', generally comparable to other public sector provision of in-kind benefits.
The Data

Planning restrictiveness
The data for this study are drawn from two cities: Reading (located in Berkshire and one of the most prosperous local economies in the South of England) and Darlington (located in Durham and one of the most prosperous local economies in the North of England). Both are relatively stable, intermediate sized cities with an essentially monocentric structure, and therefore plausible cities to which to apply the standard urban economic location model. Reading and Darlington also represent very different planning regimes. For example, consider the information presented in table 2.1. The table presents information on the rate of residential planning applications and the acceptance rate of those applications for five English cities.
The data in the table show striking differences in the acceptance rates and application rates between the cities, with Reading being much more restrictive than Darlington. Reading is also subject to much greater pressure for development as indicated by the much higher application rates. Comparative analysis of the two urban areas thus affords the possibility to explore the economic consequences of significant differences in land use planning regimes.
Observed Characteristics
The samples were collected in the second and third quarters of 1984. The data are described in more detail in Cheshire and Sheppard (1995b) . Approximately 350 structures in Darlington, and 490 in Reading were included but some observations had to be dropped because particular variables were missing. While a variety of hedonic studies have been undertaken for UK cities, none of which we are aware have had access to data which included the amount of land included with each structure and/or the precise location. Without such information, of course, it is impossible to obtain estimates of land values or land rent gradients in the sense embodied in standard economic theory: that is land as pure space with accessibility. As was shown in Cheshire and Sheppard (1995b) , since the value of neighbourhood amenities is largely capitalised into land values, the market price of cleared sites does not reflect the appropriate concept. Since the economic effects of land use planning are primarily experienced as changes in the equilibrium price of land, with consequent implications for housing prices and land development.
The samples collected for Reading and Darlington include location, land area, plus a variety of structure and neighborhood characteristics. Table A .1 in the appendix provides a list of variables used in the estimation of the hedonic and the subsequent analysis of demand, along with brief descriptions.
The mean values and standard deviations for these variables are presented in table A.2. Darlington is a city with lower average incomes and significantly less costly housing than Reading. It is also smaller, with a built-up area consisting of about 36,000 households compared to Reading's 80,000.
Structure of Demand
Our analysis builds upon the previous work Cheshire and Sheppard (1995b) , Cheshire and Sheppard (1995a) which obtained for these two cities estimates of hedonic prices and the structure of demand for housing and neighbourhood characteristics. Here we summarize those results.
Hedonic price function and land rents
Using the data described above, we estimate characteristics prices by estimating the coefficients of a 'BoxCox' hedonic price function. We allow three different 'transformation parameters': one for the structure price, one for land area, and one for all other non-dichotomous variables. The final hedonic price function to be estimated is given by:
where: p = rentalised price of structure q i ; q j = structure or location specific characteristics K; β i ; β j ; ψ; λ; ξ = parameters to be estimated L = quantity of land included with structure D = set of indices of characteristics which are dichotomous C = set of indices of characteristics which are continuously variable rx; θ = land rent function defined below ψ; λ; ξ are the standard parameters of the Box-Cox functional form.
Since land rents are critical in what follows, the land rent function warrants particular comment. Because much of the data used in hedonic analyses lacks land and location information, the form of the 'land value' component of a hedonic function has not received much attention. Perhaps the most obvious exception to this observation is Jackson, Johnson, and Kaserman (1984) who use a third degree polynomial in two dimensions to model land prices. To economize on the number of required parameters, we use the following land rent function:
where: x = distance from town centre, θ = angle of deflection from East, β i = parameters to be estimated, and n = an integer which determines the number of radial asymmetries This rent function possesses the advantage of considerable flexibility while requiring estimation of relatively few parameters 4 . The function allows estimation of asymmetries in land values which may be due to transport networks or topography. The form does not require that land values decrease from the urban center. It is 'monocentric' only in the sense that along any linear path from the city centre land rents will increase or decrease at a constant rate.
Estimates of the parameters of the hedonic price function specified in equations 3.1 and 3.2 are given in Appendix table B.1. From these functions we obtain estimates of the hedonic price of structure and neighborhood characteristics as well as land. Note that neighbourhood characteristics, as discussed in more detail in section 5 below, are formulated to reflect the main amenity outputs produced by the planning system.
The estimated structure price from the hedonic equation, b P, is a function of the vector of observed characteristics and location. The hedonic price of a continuously variable characteristic q i is obtained by simple differentiation:
Similarly, for a dichotomous variable, the hedonic price is:
Finally, letting b R represent the estimated price of land (again a function of other characteristics and location), we obtain:
These prices are then combined with observed household incomes available, for a subset of the sample, to estimate the structure of demand.
Almost Ideal Demand System
The Almost Ideal Demand System developed by Deaton and Muellbauer (1980) is well suited for our purposes for two reasons. First, it provides a flexible and theoretically well-grounded framework within which to analyze individual demand data. Second, because it is derived explicitly from a particular expenditure function whose parameters are estimated (or approximated) as part of the estimation of the demand system, it provides for simple implementation of welfare analysis. Once the demand system is estimated, we will also have an expenditure function which can be used to determine the equivalent variation in income associated with changes in land prices.
Making use of the linear approximation of the budget share equations suggested by Deaton and Muellbauer and widely used, we can adapt their model to the present circumstances and obtain a budget share equation of the form: 5 :
where: Then using the hedonic prices given in equations 3.3 and 3.4 above, equation 3.6 can be adapted to:
where:
b P = structure value predicted from the hedonic price function,
ψ are estimated parameters from the hedonic price function.
Estimated Demand System
The estimated parameters for the demand system identified in equation 3.7 are presented in the appendix tables C.1, C.2, C.3 and C.4. Estimation of housing and neighbourhood characteristics demand using hedonic prices intrinsically involves the problem of correlation between 'independent variables' (the hedonic prices) and disturbances (fluctuations in the quantities of characteristics). This problem has been thoroughly explained in Murray (1983) , Bartik (1987) and Epple (1987) . As discussed in Cheshire and Sheppard (1995a) , the demand system estimates used for this study have been obtained using an instrumental variables approach to address issues of independent variable endogeneity.
The tables present estimated budget share equations only for those characteristics which are not dichotomous. As indicated in equation 3.7 the prices of dichotomous variables are not used in the demand system, since they are constant across the sample. It is possible to estimate budget share equations for the dichotomous variables using the same functional structure as used for the 'continuous' variables. These were obtained so that the estimated parameters could be used in the expenditure function for evaluation of the welfare effects of land use controls.
Overall, the estimated budget share equations perform well. While some individual parameters are estimated with high standard errors (and are not statistically significant) this is at least in part due to colinearity between characteristics prices. Furthermore, it is to be expected that not all prices will affect demand for a particular characteristic in a significant way.
Equilibrium Utilities and Planning Restrictiveness
The demand system presented in the preceding section includes three neighbourhood characteristics which are intimately connected with operation of land use regulations: the availability of open space which is generally accessible to the public (either through public ownership or extensive public rights-of-way), the availability of open space which is inaccessible, but nevertheless valuable for visual amenity and is used as an instrument to contain the spread of the built-up area, and the limitation of the extent of industrial land use and its separation from industrial areas. Our analysis below will focus on the value of these benefits produced by planning policies, and the costs associated with land use restrictions imposed to produce these amenities, particularly the open space amenities.
The first step in this analysis is to parametrize and determine a utility level for households in the existing equilibrium, and determine the prices which would be faced by households under alternative policy scenarios. Following this we can use a model of land market equilibrium to characterize the extent of planning restrictiveness in each community.
Utility level
The expenditure function associated with the demand system used above is given by 6 ln cu;
Households have a given after tax income M, and spend part of this income on transport costs tx; θ, leaving M tx; θ available for expenditures on goods and services from which utility is derived. This implies an indirect utility function for each household having the form 7 :
To utilize this for estimating utility levels, we must determine the transport costs faced by a household located at location x; θ: The first thing to note is that estimates of the land values obtained from the hedonic function discussed above and shown in appendix table B.1 indicated considerable radial asymmetries. These are to be expected given the fact that roadways and other components of transport infrastructure are not radially symmetric, and it was shown in Cheshire and Sheppard (1995b) that these asymmetries faithfully reflect those of the transport system. In determining the transport cost function, we expect that the function t would exhibit asymmetries and a directional orientation that would be associated with the land value surface which has been estimated from the data.
We take transport costs per mile per annum to be: Beyond structural asymmetries, the overall level of transport costs is determined by two factors: actual operating costs (or fares if using public transport) and the time costs of travel. The parameter τ determines the overall level of transport costs, and is chosen so that the average transport cost per mile equals the amount expected from available estimates of vehicle running costs plus time costs. 9 Given these transport costs we calculate, for each household, a vector of utility levels 10 u 1 with each component determined by equation 4.2. For Reading, this calculation indicates a mean utility level of 21:585 and for Darlington, the mean utility level is estimated to be 19:797:
Levels of planning restriction
The expenditure function given in equation 4.1 can also be used to derive the general form of the equilibrium land value. An optimising consumer makes a choice which satisfies:
Assuming without loss of generality that land area is indexed as good 1, we have:
Given estimated parameters for the demand system, and a utility level, we can use this to calculate bidrents for a typical household at any location.
It is then possible to make use of this land value within the context of a standard monocentric urban model. Let hu; r; p be the compensated demand for land for a consumer whose preferences generate an expenditure function of the form 4.1, where r is land rent and p is the vector of all prices. If the city were occupied by a single class of identical individuals, then equilibrium in the land market would require: ; ru; x; θ; p;M; p dθ dx (4.6) where:
N is the total number of households to be accomodated within the urban area ω is the share of space internal to the urban area made available for residential use; χ 1 is the inner boundary of allowed residential development; χ 2 is the outer boundary of residential development, and of the urban area.
The parameters ω, χ 1 , and χ 2 are determined by planning policy, and are of central interest in the evaluations below. The parameters χ 1 and χ 2 are estimated from the observed structure of each urban area. Given these estimates for the residential boundaries, we estimate the parameter ω by adapting equation 4.6 to obtain:ω and evaluating at sample mean levels of utility, income, and non-land prices:ū, M, andp. That is, we estimate the implicit level of planning restrictiveness by solving for the equilibrium of a land market accommodating N households who have identical incomes, face identical non-land prices, and achieve identical utility levels -with each of these determined by the sample mean.
The parameter ω represents the share of land area made available for residential development between the inner and outer boundaries χ 1 and χ 2 . This parameter will always be less than one, since some land is used for transport infrastructure and other land uses. Local land use policy concerning the provision of internal open space -whether accessible in the form of parkland or inaccessible, 'visual amenity' open space like pasture and other agricultural use -will be the major determinant of differences in ω between topographically similar cities. Table 4 .1 presents the estimates ofω along with the parameters u (the mean utility levels), N (the number of households), χ 1 and χ 2 (inner and outer limits of the built-up area, in feet). The number of households is estimated from Census small area statistics for the built-up area, the inner limit χ 1 is estimated from the sample as the minimum observed distance from the urban centre, and the outer limit χ 2 is estimated from Ordnance Survey maps showing the extent of each city.
Note that as expected, Reading makes less land available for private residential use than Darlington. Note that the estimated levels ofω are based on the estimated demand system in each city, and thus correct for most of the other differences between these two areas (such as income levels or the prices and availability of other amenities and structure characteristics). These utility levels and measures of planning policy are taken as the basis from which changes in planning policy will be evaluated.
Benefits of Planning Amenities
We focus on the community with the more restrictive planning regime, utilising the demand system to provide some estimates of the gross value of benefits from these amenities, and the distribution of these benefits amongst households.
Estimation of benefits
To obtain an estimate of the 'gross benefits' of planning amenities, we assume that effectively none of the amenity would be produced in the absence of planning. This is most reasonable in the case of inaccessible open space, and is probably less acceptable in the case of absence of industrial uses in conjunction with residential use. For each household, we can then calculate the variation in income which would be sufficient to achieve the current utility level if it faced the amenity price associated with the absence of land use planning. Table 5 .1: Value of Benefits from Planning Amenities both the distribution of this benefit alone, and since we have observed household income the effect on the distribution of income as augmented by the value of these benefits.
For the two types of open space, we assume that essentially zero would be produced in the absence of the planning system and that land would instead be allocated to various types of private consumption. Using the demand system evaluated for a 'typical' household (that is a household with income equal to the sample mean facing sample mean prices for other characteristics), we make a separate determination of the price at which demand for each amenity would be reduced to zero. For open space amenities, we used the following procedure: let p 1 denote the vector of prices in which all characteristics take prices as estimated via equations 3.3, 3.4, and 3.5. Let p 2 denote the vector of prices in which all prices remain the same except the price of the given open space amenity is increased to this 'reservation price'. Then for each household, we estimate the gross benefit from the given amenity by:
where the utility level u 1 is obtained for each household via equation 4.2. This provides the increase in income required to achieve the current level of welfare if the price of the amenity were increased to its reservation price.
For limitation of industrial land use, the 'reservation price' was taken to be the highest price for limiting industrial land use observed in the sample. This is seen to provide a more reasonable measure of the benefits from limiting industrial land use once we recall the interpretation of each variable. When the measure of open space amenity reaches zero, the interpretation is zero open space and more land available for private residential or commercial uses, and we expect this outcome in the absence of any planning or zoning constraints. When the industrial land use variable reaches zero, the interpretation is that 100 percent of the land in the surrounding square kilometer is in industrial use. This extreme scenario would not describe the absence of a planning system. As a reasonable alternative datum, we therefore assume a scenario in which all households face the same exposure to industrial land use as the most exposed property in the sample. Table 5 .1 presents the results for each planning amenity. The second column of the table lists the mean value of estimated gross benefits 11 for each amenity, followed by the standard deviation, minimum and maximum values, correlation with household income, correlation with plot size, and correlation with the price of the house.
Distributional consequences
We focus on two separate issues regarding the distributional consequences of land use planning. The first concerns the equity, or lack thereof, with which the benefits (and later the net costs) are distributed. The second concerns the distribution of 'effective' income after consideration of the benefits or costs. The issues deserve separate consideration and each seems of interest. The value of planning benefits might be quite equally distributed but, depending on the correlation between household income and benefit received, might increase or decrease the overall level of inequality within the society.
The assessment made concerns the distribution of benefits within our sample. Since it is drawn exclusively from the population home owners, the level of inequality is much less than that observed in the entire UK population. The gini coefficient for after tax income in the Reading sample is 20.52. For this time period the index for after tax income for the entire UK was approximately 38.1. For more details, see Central Statistical Office (1985) and Central Statistical Office (1986) .
The last two columns of table 5.1 provide information on how these benefits are distributed. The penultimate column presents the calculated gini coefficient for distribution of the gross benefit alone, and the last column gives the gini index of household income augmented by the value of the benefit. Thus provision of open space generates a slight increase in inequality in society, while limitations on industrial land use might be said to generally reduce inequality. An interesting comparison can be made with the distributional consequences of 'in kind benefits' in Britain, made available in the annual reports from the treasury. The analysis covers a variety of benefits, including state education, school meals and other meal subsidies, the national health service, rail, bus, and other travel subsidies. Collectively, these lower the gini coefficient of income after direct and indirect taxes by about 10.11 percent. Our calculations suggest that the combined consequences of planning amenities is almost distributionally neutral, with a 3.6 percent decline in the gini resulting from limiting industrial land use generally offsetting the 4.97 percent increase resulting from inaccessible open space, and the 1.12 percent increase from accessible open space. Although these combine to yield little change in the aggregate distribution of welfare, individually they are quite significant, and likely to be as large as many of the public services traditionally structured with at least a partly egalitarian objective. Figure 5 .2 shows the distribution of gross benefit levels from accessible open space, and figure 5.3 shows how these benefits are distributed between income quintiles (with quintiles defined on income after taxes but exclusive of any imputed planning benefit). The numeric labels at the top of each bar show the actual percentage of total benefits realized by each quintile, and the line superimposed over the bars shows the actual distribution of income going to each quintile.
Thus for accessible open space, we see that the change in effective income distribution mostly arises by Finally, the distribution of benefits from limiting industrial land use below the most industrialized area found in Reading is shown in figures 5.6 and 5.7. Note that while the benefits of limiting industrial land use are, by themselves, distributed regressively with disproportionate amounts going to upper income persons, nevertheless this amenity contributes to a reduction in inequality because it is less unequally distributed than after tax income. Limitation of industrial land use is seen to be the most redistributive of the benefits, with the first and second quintiles getting clearly a larger share of benefits than their income shares, with the fourth and fifth getting clearly less.
The gross benefit estimates for the three planning amenities are quite large and from a political economic perspective help to explain the widespread appeal and general support given to implementation of land use planning restrictions. These activities produce amenities which are highly valued by a large number of residents. A further point is that households are financially locked into the system. Since planning amenities are capitalised into the price of the aggregate 'house-land bundle', a reduction in amenities by, say, permitting development on inaccessible open land would produce a capital loss for existing house owners (although, as we see below, it would be consistent with increasing overall community welfare).
The estimates show that planning benefits are certainly not distributed equally. Furthermore, the ben- We next turn attention to the net welfare costs of planning in efficiency terms. We do this by using the estimated parameter values to simulate the effects of alternative planning regimes.
Net Costs of Land Use Planning
To acknowledge that the amenities produced by the planning system are valuable to some, even all, persons in the community is not to establish that the quantity provided is efficient. The marginal units of amenities provided may still fail a benefit-cost test. Application of such a test, as noted above, is made more difficult by the fact that the amenities are provided through regulation rather than through a market transaction. The latter would involve explicit taxation of some sort and collective purchase of the inputs required to produce the public good. We could then compare the costs with estimates of the benefits. With land use planning the costs come in the form of distortions in land and housing prices, and we must attempt to estimate the price distortions that result from the policy, and compare the value of this change with the value of the change in amenity provided.
A fundamental difficulty which confronts this approach is to determine what changes in land prices might actually be attributable to the policy. The very pervasiveness of land use planning makes observing an economy with no land use regulation very difficult. We adopt an approach which will provide, we argue, a lower bound estimate of the net costs of land use planning in a highly constrained community: it is thus a lower bound estimate of the maximum cost in the economy under investigation -Britain. At a minimum our approach can be said to provide an evaluation of the potential costs and benefits of reforming an existing land use planning system. We have identified two comparable urban areas which, though subject to the same land use regulation system, operate these regulatory constraints very differently. Through careful analysis of what appears to be one of the least restrictive planning regimes, and comparison with what appears to be one of the most restrictive, we can provide an evaluation of the changes in land prices which may be attributed to the more restrictive planning regime. Combining this with an evaluation of the reduction in the level of benefits from open space will provide a measure of the net costs of land use planning.
Provision of open space within urbanized area
In table 4.1 above we presented results of estimates of the parameter ω which represents the extent to which land is made available for private residential consumption in each city. The data presented in table 2.1 suggests that the two cities represent extreme implementations of the Town and Country Planning system, with Reading being the most restrictive and Darlington the least. We attribute the differences in estimated levels of ω to the difference in land use planning regimes in the two cities.
The impact of two possible policy changes is evaluated. In this section we provide estimates of the impact which would result if the more constrained community -Reading -adopted the more relaxed regime of internal open space availability observed in Darlington. In the next section the effects of relaxing the constraint on building beyond the present boundary of the built-up area are estimated.
The first policy change -Reading adopting Darlington's 'permissive' regime on internal space availability -itself would generate at least two major changes: first there will be an increase in availability of residential land -an increase in ω from ω 1 = 0:384 to ω 2 = 0:427. Equilibrium in the urban land market will then require a reduction in land rents, with an associated increase in household utility levels. Associated with such a policy shift would be a reduction in internal open space available to the community. If the level of planning restrictiveness were reduced, and the price of internal open space were increased to release the associated amount of land for private consumption, a new equilibrium would be reached with utility level u 2 . This utility level can be determined by solving:
for utility level u 2 . This utility level would be achieved, on average, for households in the sample. The utility level can be used to provide an estimate of the new level of land rent at each location ru 2 ; x; θ; p 2 ;M, so that for each actual household in the sample, we have an estimate of the change in the price of land as well as the change in the price of open space.
For each household, actual income would remain unchanged. Implicit differentiation of the expenditure function allows us to determine the marginal indirect utility of a change in price:
Thus the marginal indirect utility of a change in price is proportional to consumption of the good, with the factor of proportionality 1 λ equal to minus the reciprocal of the 'marginal cost of utility'. This observation suggests the following approach for estimating the change in utility for each individual household. Determine a vector of utilities u 2 by solving for ϕ to satisfy:
where: In equation 6.4 we generate a vector of rents by evaluating r at every location given by the vectors x and θ. We then have a vectors of utilities u 2 and rents, and a matrix of prices p i with one row for each observation.
Evaluating the expenditure function at each row then gives income net of transport costs required to achieve the utility level associated with the permissive planning regime under the two alternative sets of land and amenity prices. The difference gives the equivalent variation associated with the change in planning policy. A positive number indicates that greater expenditures would be required under the observed restrictive planning policies to achieve utility level u 2 : As indicated, all households in the sample appear to experience positive net costs from the current land use planning policy. On average, a relaxation of the policy would be equivalent to an increase in income of nearly £160 per annum. There is considerable variation in the levels of net costs experienced by different households. Figure 6 .1 shows the distribution of costs, giving the proportion of households who Figure 6 .1: Net costs of constraints on supply of residential land experience costs at various levels. The fifth, sixth, and seventh columns of table 6.1 show the correlation between net cost of providing such a large supply of internal open space and household income, land consumption, and house value respectively. The correlation with income is positive but, unsurprisingly, not as strong as is that with land consumption. Figure 6 .2 shows the distribution of net costs by income quintiles, along with income shares received by each quintile. In contrast to the discussion of gross benefits presented above, we are here looking at costs net of benefits. If upper income groups experiences greater cost shares than their income share, then the policy may be viewed as generally redistributive.
The penultimate column of table 6.1 presents a gini coefficient for the distribution of costs, indicating the inequality with which the costs themselves are shared over observations in our sample. The final column presents what might be called an 'income equivalent' gini coefficient for income. That is, we take household income and add the income which would be equivalent to adopting the less restrictive land use planning regime. Both figure 6.2 and the 'equivalent income gini' show internal open space policies to be generally neutral. The middle quintile comes out about even. The second and third quintiles gain somewhat at the expense of the richest and poorest quintile. Without affecting the overall gini much, internal open space policies appear relatively to benefit the middle class at the expense of the rich and the poor. This is an observation about relative position only. All income groups experience positive net costs and, the evidence suggests, would benefit from adoption of the more permissive planning regime.
While the net costs of providing a higher level of internal open space are not small over the entire urban area, amounting to about £12:775 million per annum, they are moderate for individual households. By way of comparison, the mean level of net costs are about 53:5 percent of the then current level of local 
Containment of urbanized area
In the preceding section, we provided estimates of the net costs associated with policies designed to provide open space within the residential area of the city. Next we consider not only this 'interior open space' component of planning, but also the 'containment' policies whereby planners seek to contain the urban area within the existing boundaries of the built-up area (or 'settlement envelopes') preventing urbanisation spreading to existing agricultural land. So called 'greenbelts' represent the best known but most expensive instrument of this policy. The approach is generally similar to that used previously. We consider replacing the status quo planning regime with one in which the internal open space parameter ω is raised from ω 1 = 0:384 to ω 2 = 0:427, and the maximum extent of residential development is not constrained at χ 2 but is allowed to expand until the price of developed residential land is equal to the price of vacant agricultural land plus some essential premium required to bring such land into urban use.
As in the previous case, we must determine the change in land rents and the change in the effective price of open space. This latter price will naturally increase for two reasons: first is the reduction in internal open space which is associated with the increase in ω: Second, the increase in the spatial extent of residential development implies that fewer households will live within a kilometer of the settlement envelope, and will therefore experience reduced access to open space. The first factor, with its associated If we are to replace χ 2 with the distance e x at which residential land values equal the price of vacant land, we must determine a price for vacant land. The appropriate price for vacant land should be several times the price of agricultural land for several reasons. First, land that is cleared and prepared for development has some investment applied which already raises its value above vacant land in agricultural use. Second, as discussed in Titman (1985) , Capozza and Helsley (1990) , and Capozza and Sick (1994) inter alia, the price at which land will be held vacant depends in part on the stochastic structure of the price of residential property. As noted in Mayo and Sheppard (1991) , the vacant land price can therefore depend upon the nature of 'development controls' and land use planning.
The estimates presented below are based on a vacant land purchase price of £20000 per acre. This level represents a multiple of agricultural land values which is similar to that observed in North American cities 15 . It also results in eventual population densities which are similar to those observed in North
American cities 16 of the size being considered here.
For a mean utility level experienced within the urban area of u 3 , the maximum extent of residential development will be The utility level which equilibrates the urban land market in this case can be determined by solving for u 3 in the equation:
After solving for the mean utility level u 3 , we obtain a vector of estimated utilities u 3 using a procedure similar to that outlined in equation 6.3. We then estimate the net cost of the combined land use planning policies by: c u 3 ; r u 1 ; x; θ; p 1 ;M ; p 1 c u 3 ; r u 3 ; x; θ; p 3 ;M ; p 3 (6.7) As before, note that the correlation between net costs and income is weaker than the correlation between land consumption or overall house value. The gini index for distribution of the net costs of land use planning indicates considerable inequality between households in bearing these costs. This is further illustrated in figure 6 .3, which shows a highly skewed distribution of net costs. Figure 6 .4 shows the distribution of net costs between income quintiles. Upper income households bear a disproportionate share of the costs of planning, with middle class quintiles 2 and 4 again being relatively favored. As in the preceding sections, all income groups experience net costs and would appear to benefit from a regime of land use regulation that while producing fewer amenity benefits was less restrictive on urban land supply. This is further substantiated by examination of the 'income equivalent' distribution obtained by adding observed household income to the income equivalent associated with adoption of an unconstrained land use planning policy. The resulting gini coefficient of 21:39 represents a 4:2 percent increase in income inequality compared with the distribution of income observed in our sample. In this sense, land use planning is generally redistributive, comparing (as noted above) with a variety of other 'in kind' benefits Figure 6 .4: Net cost shares to income quintiles from internal open space and containment distributed to consumers. This increase in overall equality is, however, purchased at a considerable price -with total net costs amounting to nearly £109 million pounds per annum for the Reading urban area, or nearly three times the amount of local rates. Another way of expressing it is as a tax on household incomes of around 10%.
The net costs of this more comprehensive view of land use planning are also considerably less equally borne by residents than the costs of internal open space provision alone. This is illustrated graphically in figure 6 .5, which shows Lorenz curves for the distribution of the net costs of planning constraints, independent of household income. The observed differences reflect the increase in the gini associated with the distribution of these costs from 26:30 for the internal open space provision to 34:01 for open space provision plus containment.
Concluding remarks
How does this methodology compare with others that might be available? Horowitz (1984) , for example, presents a method for calculating equivalent variations in income directly from estimated hedonic price functions. One difference which characterizes the approach of this paper is the use of equilibrium in the urban land market. Since changes in planning regimes are 'system wide' phenomena, they will certainly result in significant changes in the overall structure of land market equilibrium in the city, changes which are not observed in the estimation of a hedonic price function. While Horowitz's approach may be useful We have presented an approach for evaluation of some of the economic consequences of land use planning. In particular, we have considered the income-equivalent costs of land use restrictions with their consequent associated increase in land and housing prices. By focusing on two urban areas with contrasting planning regimes, we obtain estimates of these effects as a test of our methodology.
We find the net costs to be significant, as much as 13 percent of annual household income. We find perverse distributional consequences for some parts of the land use planning system. Distribution of benefits from planning amenities tends to favor upper income groups. This is particularly true of the benefits associated with containment. Interestingly, given expressed public and 'official' concern about the impact of environmental policies on low income neighbourhoods, we find benefits from limiting industrial land use to be the most equitably distributed of all land use planning amenities.
A variety of extensions to the research might be pursued. It would be useful to verify that there are not other benefits produced by land use planning which have not been measured in this study and which might alter the estimated net costs. It would be of further interest to embed the analysis within a more comprehensive general equilibrium model, as done by Hazilla and Kopp (1990) which may identify additional economic costs of planning 17 which need to be considered. The analysis presented here concentrates on the costs that arise through operation of the market for residential land which comes as part of owneroccupied properties. Land use regulation obviously affects several other sectors of the economy.
In any event, the methods we develop are computationally feasible and could be widely applied. They do, however, require data which provide information on residential structure values and characteristics, including land and location as well as the incomes of the households occupying the sample houses. Given such data, the analysis could be of benefit to planners and policy makers. The results also reinforce the often repeated advice of economists that the provision of public goods by regulation has the additional disadvantage from a liberal viewpoint: the real costs are not directly visible, but require some effort and ingenuity even to approximate. That they are not visible, however, does not mean that they are not real nor, in the case at least of British land use planning, that they cannot be substantial. 2 For example, see Sheppard (1988) , Fischel (1990) , Epple, Romer, and Filimon (1988), Brueckner (1990) , Brueckner (1995), and Brueckner (1996) .
Variable Name Description
3 For example, see Mayo and Sheppard (1991) , Cheshire and Sheppard (1989) , Bramley (1993b) , Bramley (1993a) , Gatzlaff and Smith (1993) , and again Fischel (1990) . 4 Fewer than half the ten parameters used in Jackson, et al. 5 In the budget share equation we regard land as one of the continuously variable characteristics of a house, and its price b R would be one of the prices denoted p j . 6 In this equation and those that follow, we use the notation I to denote the price index. In the original presentation of Deaton and Muellbauer, this index was given by:
In our calculations we have followed the same procedure used in estimation, and used Stone's price index as an approximation.
7 Clearly, any monotonic transformation of the right hand side of 4.2 would serve as well. In our calculations we take this particular representation.
8 As reported by the Automobile Association for 1984.
9 Based on estimated mean travel speeds and sample mean incomes within each city. 10 We use bold face to denote vectors or matrices with each row corresponding to an observation in our sample. A bar over the variable such asū 1 denotes the mean of the corresponding vector.
11 These and all monetary figures given below are in 1984 pounds per annum unless otherwise noted.
12 This amounts to about 894 square feet per household. 13 In equation 6.4 we abuse the notation somewhat. We have written the price vector with the price of land separately, so that the expenditure function, which depends on the utility level and prices is written cu; r; p.
14 A tax on real property which was tied to property values. The tax was eliminated in favor of the 'community charge', which itself was eliminated and replaced in 1992 by a modified property tax.
15 About 6 or 7 times agricultural land values. 16 Somewhat less than three households per acre within the urban area.
